
Advanced Manganese Oxide-based Cathodes for Rechargeable 
Aqueous Zinc-ion Batteries

Xiujuan Chena,Wei Lia, Xiaolin Lib, David Reedb, and Xingbo Liua,*
a Department of Mechanical and Aerospace Engineering, West Virginia University, Morgantown, WV 26506
b Pacific Northwest National Laboratory, Richland, WA 99352 

The aqueous rechargeable aqueous Zn/MnO2 battery with mildly

acidic electrolyte has emerged as a promising energy storage

system especially for grid-level application due to their low cost,

high safety, low flammability and simple manufacturing process.

However, its electrochemical mechanisms remain open to debate.

In this year, we have investigated the possible electrochemical

reactions occurring at different discharge/charge platforms for MnS-

derived oxide (MnS-EDO) and ŭ-MnO2 nanosheets loaded on

carbon nanofibers (MOC) and clarified the ambiguity in Zn-buserite,

Zn-birnessite and zinc hydroxide sulfate hydrates (ZHS).

The fully charged MnS-EDO 

cathodes were discharged at 

different constant voltages.

Å To provide new mechanistic understanding of electrochemical

reaction processes of manganese oxide-based cathodes.

Å To clarify some ambiguities in the discharge-charge byproducts.

× It is challenging to exactly distinguish the intermediate products only by XRD due to the low

crystallinity and overlapping diffraction peaks of phyllomanganates as well as the complex

spontaneous intergrowth or transformation during the battery resting and drying, leading to

ambiguities.

× Rigorous characterization techniques (e.g., local EDX, STEM) should be complemented with

XRD to examine the phases of discharged/charged products.

ÅSubtle current change at 1.4 V

ÅSharp current changes with 

apparent peaks at 1.2 and 1.1 V 

×Homogeneous reaction at 

discharge plateau (DP) 1

×Heterogeneous reaction at DP2

×The Mn2+ deposition pathways upon charging: 

i) Direct electrodeposition (Mn2+ to MnO2) through electrochemical oxidation

ii) Reaction between ZHS and Mn2+

Cathode MnS-EDO α-MnO2

Theoretical pH after galvanostatic discharge 

from 2.0 to 1.4 V at 1 C and then potentiostatic 

discharge 1.4 V for 2 h

12.63 11.93

Theoretically calculated specific discharge 

capacity to enable the pH to rise to 5.74
1.49× 10-5 mAh g-1 1.41× 10-5 mAh g-1

Assumpting that only H+ intercalation accounts for discharge capacity with one-electron reaction 

at DP1 as: -Î/ (/ Å ᴼ-Î//(/(

Theoretical calculations results:

ÅElectrolyte pH increased to over 12

ÅpH > 5.74, ZHS precipitate is expected

×H+ insertion is not the primary reaction at DP1

× Homogeneous Zn2+ insertion occurs at DP1

Zn/Mn ratio increased 

Experimental results:

ÅActual electrolyte pH increased from 3.6 to 4.6

ÅNo ZHS and MnOOH was formed 
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×A joint charge storage mechanism including Mn dissolution/deposition and Zn2+/H+ co-

insertion/extraction was proposed.

× It was demonstrated that Zn2+ intercalation dominated at DP1 and subsequent co-insertion of 

H+ and Zn2+ occurred at DP2.

Metallic Zn anode protection: exploration of surface coating layers
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×Positive effect of Mn2+ electrolyte additive:

i) Alleviating the MnO2 dissolution upon discharging

ii) Promoting the Mn2+ deposition upon charging

References:
1. X. Chen, W. Li, Y. Xu, Z. Zeng, H. Tian, M. Velayutham, W. Shi, W. Li, C. Wang, D. Reed, V. 

V Khramtsov, X. Li, X. Liu, Charging activation and desulfurization of MnS unlock the active 

sites and electrochemical reactivity for Zn-ion batteries, Nano Energy. 75, (2020) 104869

2. X. Chen, W. Li, Z. Zeng, D. Reed, X. Li, X. Liu, Engineering stable Zn-MnO2 batteries by 

synergistic stabilization between the carbon nanofiber core and birnessite-MnO2 nanosheets 

shell. Chemical Engineering Journal. (2020), in press, doi: 10.1016/j.cej.2020.126969

CNF@MnO2


